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AN EXPERIMENTAL INVESTIGATICN OF THE THRUST AND
TORQUE PRODUCED BY PROPELLERS USED AS
AERODYNAMIC BRAKES

By William §, Hedrick and William M, Douglass
SUMMARY

This report presents the results of a wind-—tunnel invee—
tigation of propellers cperating at negative thrust, Negotive-
thrust characteristics of two— and four—blade single propcllers
and four- and eight—blade dudl vpropellers were determined,
Flight conditions were simulated by installing the propeIWCrs
ir a powered model of a high—-speed airplane, 2

Application of the results to several flight probleas
illustrates the use of the presented data and indicates the
utility of a constant—speed reversed—pitch propeller as a
device to obtain speed control, Comparison of a constant—
speed reversed—-pitch propeller with a typical dive flap shows
that the propeller can produce a higher averagec deceleration
and a lower terminal velocity,

INTRODUCTION

The need for an adaptable speed control for airplanes
to meet the requirements imposed by weight, speed, and tacti-
cal use of present—day aircraft is becoming increasingly
evident, With the advent of a quick-reversing mechanisu for
propellers, the reversed—pitch propeller presents a possidble
solution to many braking problems,

Some of the exigting means of speed control that have not
proved entirely satisfactory are spoiler flaps and flaps ex—
tended to negative angles, These brakes are seriougly limited
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in application, They are of no use for control in landing,
since they require relatively high forward speeds to be
effective, Furthermore, a flap that produces enough drag

to be suitadle for draking usuaslly causes severe buffeting,
The use of a reversed-pltch propeller as a brake does not
entell theso undesirable features, but the effects on longi-—
tudinal and lateral etabllity and on control are yet to be
investigated, Further, the high negative thrust load of this
propeller will impose structural problems that must be con—
gldered,

The preeent 1lnvestigation was made to determine the
thrust characteristics of two—~ and four-blade single pro—
pellers end of four~ and elight-blade dual propellers 1in the
reglon of negative thrust, It 1s also the purpose of thig
report to show that reversed—pltch propellers afford a means
of speed control that surpasses those now in uso,

APPARATUS AND METHODS

Propellers

All of the propellers tected wero of Hamllton Standard
Conventional form, 6457A-6, embodyling NACA l6—serles scctions
throughout, The blade—form characteristlcs are given in flig-
ure 1,

Both the single and dual propellsrs were mounted in the
dual spinner (figs, 2 and 3), the single propeller boing placed
in tho rear hub, The front hud was keyed to the motor shaft
and drove the rovar hub through reversing gears, Some detalls
of the dual spinner appear 1in figure 4,

Model

The propellers were installed in a powered model of a
midwing, eingle-englne, two-place alrplans, The airplane 1s
of a type that would require some additlonnl means of speed
control because of 1ts tactical purpose, Some pertinent di-
menslons are given on the three—view drawing (fig. 5).

Motor

The propellers were driven by a Byron~Jackson variasble-
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speed, fourwpole, squirrel-cage induction motor rated at
110 horsepower at 10,000 rpn,

Measuremants

The power developed by the motor was determined from
wattmetor roadings of the power input and from a motor
calibration, A constant ratlo of voltage to frequency was
maintalned throughout the test to insure that the callbra—
tion would be applicable for every operating condition,

The net thrust or drng was measured by the drag bal-
ance,

Qorrections

Due to the method of obtalning dual rotatlon, gear
losses were encountered, At the time of the motor callbra-
tion, the gear losses at varlous speeds and loads were deter—
mined, Thie loss was applled, as a correction, to the power
"developed by the motor,

The effectlive velocity for a propeller operating in a
wind tunnel ies not the same as the test—section datum velocity,
due to the constraint of the alrstream by the tunnel walls,

To dotermine the "egquivalent free airspeed," a correction
based on Glauert's treatment mas found 1in reference 1 was
applled,

Test Procedure

In the tests, alrspeed was varied while the propeller
rotational speed was held constant, The propeller rotational
speed was set at a value limited either by power available or
by a blade—-tip Mach number of 0,4, and the alrspeed was then
varled, in suitable steps, from 30 to 370 feet per second,
Both the rotatlional speed and the airspeed were then reduced
and a simllar procedure followed until tho desired rangs of
advance ratlos was covered,

SYMBOLS AND CORFFICIENTS

The symboles and coefficlents used in this report are
deflned as follows:
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: Q P
GQ, o to_rque. goaffi_cil.e‘nt ;—n-.-a-s-a = —21—1_;;?5—])—5
C thrust coefficient (T/pn®D*)
T, thrust coefficient (T/pVEDB)

¥/nD advance ratio

Q torque absorbed by the propeller, foot—pounds
P power absorbed by the propeller, foot-pounds per
gecond
v airspeed, feet per second
n propeller rotational spead, revolutions per second
D propeller diameter, foet
P masg density of alr, slugs per cuble foot
T effcectlve thrust; the measured thrust of the propellcer—

model combination plus the drag of the model mceaz—
urocd without the propeller (propeller thrust minus
incremental drag due to the slipstream)

B propoller—blade angle at t he 75~percent radlus

w velght of the airplane, pounds

S wing area, equare feet

Cp alrplane drag coefficlent

ACp lncrement of drag cosfflicient

£ gravlity constant, feet per second per second

a rate of change of veloclty with time, feet per sscond

por gecond
t time, second

8 distance, feet
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RESULTS AND DISCUSSION

It is well known that data derived from model-propeller
tests at low Reynolds numbers are not applicable to calcu~
lations of full-scale performance, nor is 1t possible to
extrapolata, with accuracy, model results to full scale,
However, the data glven in this report should gilve an 1indi-
cation of full—scale propertles and will serve to extend
previous tests of propellers at nogatlive thrust,

The propeller data have been presented in a form to bhe
used for the calculation of flight problems of alrplanes
equipped wlth constant—speed propellers, Curves for the
four propellers showing the variation Op with V/nD and

T, with nD/V with lines of constant—torque coeffiecient

aro shown in flgures 6 to 9, JFrom these curves, the nagative—-
thrust coafflcients may bo detormined for anm alrplanc 1in de-
celeratod flight whlle operating at a constant—-power coeffi-
clent, With the use ¢f the additlonal curves showlng lincs

of constent bladoc angle 1n place of constant—power cozffi-
ciont (figs, 10 to 13) all propoller data that may be roguirod
ars obtalnnble, This form is also of value for braking pro-
pellers operating at a single negatlive blade angle, Calcu—
lations for this propeller require a second approximatlon of
the advance ratios to account for the variatlon of revolutioas
per minute with change In torque coefflcient tnat results from

the pltch reversal and the subsequent changee in veloclty, The

revolutlions per minute variatlon with torque for the englne of
the alrplane in gquestion must be avallable,

An examlination of the data at a given blade angle revesals
a varietion of propeller characterlistics with solldity, Above
values of V/nD = 2, thrust varies proportionally with nunber
of bledes, However, for lower advance ratios, the thrust de-
veloped by the eight—blade dual propeller is not proportion-
ally greatcr, It 1s noteworthy that the torque coefficient
changes in the same menner, indicating that the reduction in
thrust coofficlont 1s a propeller offect, not a change in rc-
sults dus to some unique characterigtic of the model, The of-
fect of type of rotatlon 1s shown in figure 14,

An equation ahow{ng the relatlion between veloclty and
deceloration lg desirabdle for applylng the data to the solu—
tion of flight problems,
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Por an alrplane diving at a constant angle,

- = . ]
y -

i

Propeller thruszjggﬁzzr— o

-~ Gravity force

the decelarating forco 1is

¥= (airplane drag)-— (propeller thrust)— (gravity force) (1)
where

propeller thrust = TchaDa or chnaD4

airplane drag = 1/2pVBSGD

gravity force = W sin o
Then
TepV-D?
F = _.{ or 4}- + 1/2pVaSGD ~ ¥ 8in a (2)
Cmpn®D
ppR .
Kow
r=-Y, (3)
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Bquating (2) and (3) gives

pV D®
_.‘!a=_{r° }+1/apv’scn—wsinm
g GTpnaD4

cPv “o®
a = — + 1/2pV SCp — W sin o

Certain factors will remain constant for a constant-
speed propeller: D, n, W, S, g, Cp, and p, (For a first
approximation Op and o may be assumed to be constnnt,)
By choosing several values of advance ratlo covering the
operational range, the corresponding thrust coefficisnts may
be found from the curves (figs, 6 to 9) for operation at the
desired torque coefficient, It 1s then possible to find the

relation of a to V,

or

In a flight problem 1t may be desirabdle to find any ono
of the varlables of kinematics! velocity, deceloration, dis—
tence, and time, Given velocity and docoleration to find
distonce and time, The solutions of these variables may be
analytlical or graphilcal,

To find time

at = &V
a
To polve analytically 1t 1s necessary to have

a = £(V)

then, integrating
Vx

£ = _av_
O-I. f f(V)
Vo
Otherwige the solution must be graphical,
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Plot the variation of 1l/a with 7V,
eI -

The area = EZ i x AY = to—x
a

Vo

Similarly, to find distance

ds = Vdt
also av
dt = =
a
Therefore
dg:'v.g'.!
a
Glven
a = £(V)
then, integrating
Vx

]
M
]
<
Hhig
4]“‘
dl«

Or graphically:

Plot the varlation of -~ with V

a
Vx

The area = zz E X AV = 8o .x
vo

As the airplane decreases 1n speed, the 1ift coeffilclent
must be increased, resulting ln a change in drag coefficlent,
For a closer approxlimation, this lncrease of drag coefficlent
wlth decreased speed must be consldered, Also, 1f the maneuver
of the alirplane results in a conslderadle change in altitude,
for more exact calculations, mass denslty should be corrected
for altitude, .
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To investigate the merlts of propellers operating at
negatlve tahrust as compared to dive flaps, an analyeis, using
the described methods, was nade of an airplane in a 606 dive
and with an iniltigl alrspeed of 400 mlles per hour, The com—
parison was made for three power loadlings at the same propeller
diameter nnd rotatlional speed and for four values of ACp due

to dive flape, To show the effect of dlameter upon the bdraking
effect of propellers, a lerger diameter propeller and a power
loading comparable with one of the above chses was chosen, It
was necossary to modify the true ilncroase in decelsration de—-
veloped by the larger propeller dlameter by decremslng the
propeller rotatlonal spesd t0 keep within the critical tilp
speed,

The data usod for this comparison were:

FTour—blade single propeller

Power loadings = 5, 10, 20 pounds per brake horse-
power

W = 14,000 pounds

D = 12 feet

n = 25 rps

S = 376 square feet

p = 0,00205 (assumed constant) at 5,000 feet

Cp= 0,023 (assumed constant)

a = 60°

ACp = 0,100, 0,125, 0,150, and 0,200
To show the effect of diameter of tho propeller

D = 13 feet

Tip speed = mnD = 970 feet per second

Power loading = 5 pourds per brake horsspower
The results are presented in curves showing the rclatioa

of deceloration to veloeity (fig, 15) and volocity to time
(fig, 16). Figure 15 shows tho small effect of changes in
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power on the magnitude of the deceleration as compared to

the effect of a change in propeller diameter, The selectlon
of a propeller diameter might well be influenced by thig in-
crease in deceleration, The curves for the dive flaps show
such undesirable characteristics as rapldly decreasing effec—
tiveness with decreasing airspeed and a correspondingly high
terminal veloclty, Although 1%t lg posslble to develop =

AOp of 0,200 with dive flaps, the buffeting, loss in control-
surface effectiveness, and high wing moments at hlgh velocity
often render the flaps unusable, . The lower terminal veloclty
and the lower maximum deceleration of the propeller as com—
pared to dlve drakes giving the same average deceleration
show the advantage of the propeller over the dive flap,

One of the most important uses of the constant—speed
reverged-pitch propeller would be to obtain additional de-
celeration when landing, To 1llustrate, calculation of
landing run with and without the negative thrust of the
propeller has been made for a typlcal case, The airplanse
assumed 1s a heavy, multlengine transport or domber, equipped
with trleycle ‘landing gear, landing on a concrete runway,

These data were used:

Four, three-~blade propellers

Normal rated power = g000 brake horsepower
Touchdown speed = 120 miles per hour
.¥ = 95,000 pounds

¥/8 = 68 pounds per square foot

D = 16 feet 7 inches

n = 14 rps

GD = o. 097‘5

The alrplane 1s assumed to approach the runway at 0,4
normal rated power, At the instant of contact, the propellers

are reversed at constant power and full wheel brakes (coeffi-
clent of friction = 0,26) are applied,

Ourves of Pthe varlation of a with V" and "the varis—
tion of s wilith VP have been plotted (figs, 17 and 18) for
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wheel brakes operating, braking propellers, and both wheel
brakes and braking propellers, Flgure 18 shows a landing

"piun of 2635 feet for wheel brakes alone and 1800 feet for

wheel brakes and braking propelleras, Thias is a saving of

32 percent of the landing run due to the use of constant-

speed roversed—pitch propellers, This reductlion would be

stlll greater if the surface of the runwvay had lower fric—
tion coefficlente as 1in the case of a wet runway,

Another 1llustration of the uss of the constant—speed
reversed~pitch propeller is given, The case consldered 1s
that of a fighter airplane overtaking a bomber and increas—
ing the firing time by braking with the propeller,

Curves for the variation of distance with time are given
in figure 19,

These data were used:
= 8600 pounds

1266 brake horsepower at 27,000 feet

U w =
"

= 11 feet 2 inches (four—blade single propeller)

233.2 asquare feet
n = 23,85 rps (propeller)
Constant 11ft (level flight)

Cp variabdle with speed

The maneuver would consist in approaching the bdombor at
maximum speed until within firing range, Propeller pitch
would then be reversed to reduce the spoed and obtain longer
firing time, For comparipon, the same calculation was made
for split—flap-type aerodynamic brakes developing a ACp= 0,126,
The pursult airplane was assumed to open fire at 1000 foet and
break off contact at 50 feet, By starting the curve for the
bomber at 950 feet on the "S" abecissa, the point on the "gn °
ordinate corresponding to the intersection of the pursult and
bomber curves gives the total firing time, It 1s apparent that
reversod-plitch propellers give & greater increase in firing

time than the split flap in this case, This advantage will be
enhancod at lower pursuit speeds,
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CONOLUSIONS

The results of the experimental investligation show that
constant-apeed reversed-—pitch propellers possess aerodynamic
characteristics that cshould make them excellent aerodynamilc
brakes, They are capaile of producing large negative thrusts,
and the variation of tarust with spsed (approx, linear) 1is
more deglrable than tkhat developed by dive flaps, They pro-
duce comparatively large values of negative thrust even at
low alrspeeds, and therefore are of pnrticular utility in
decreasing the landing run and in maneuvering alrcraft on
the ground, Since from thls t hrust study the use of pro-
rellers as aerodynamic brokes seems most promising, it 1s
belleved that the effects 0f so uslng the propellers on the
airplane stabllity and control should be investigated, Such
an investligation 1s now being made,

Ames Aeronautical Laboratory,
Notional Advlisory Committee for Aeronautics,
Moffett Fleld, Callf,
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Figure 2.— Eight-Dblade
dual propel-
ler installed in model.
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Figure 3.— Four-blade
dual propel-
ler installed in model.

Flgure 4.- Details of dual spinner.
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Figure 13.- Negative thrust coefficients at constant blade angles for the

four-blade, dual propeller.
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Flgure 13.— Negative thrust coefficients at constant blade angles for the

eight~blade, dual propeller.
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Figure 1l4.~ Effect of type of rotation on negative thrust co-
efficient,
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Figure 15.~ The variation of deceleration with velocity for a dive bomber
utilizing constant-speed reversed-pitch propellers and aero-

dynamic dive flaps while in a 60° dive,
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Figure 16.- The variation of velocity with time for é dive bomber
utilizing constant-speed reversed-pitch propellers and

aerodynamic dive flaps while in a 609 dive.
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Figure 17,- The variation of doceleration with velocity for a heavy

transport landing with wheel brakss and constant-speed
reversed~pitch propellers,
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Figure 18.- The variation of velocity with distance for a heavy transport landing with wheel brakes

and constant-speed reversed-pitch propellers.

92HY °ON ¥HY VOWN

8T "X



NACA ARR No. 4E26 Fig., 19

National Advisory Committee for keronautics

E )
Propellen
(nogative thrufi}jDive brakes
T/ M0 =126
Vel
II
]
2 A "
_'d — 7
4 & /’
P, - 0 (R S I 0~ O R, S
S8 [ 1EET T /
R fre’
| gl al 1351 /
M [} =T = (
5“.§‘L’go ﬂ) ’/
g L&l g | 3 Ly
@ " & -j' -v " —
» Fighter, Vo = 450 7/{
4 === j///r
/... /| Unbraked approach
/] ! {
/ Bomber, V, = 300 mph
/s
A/
T 17
; /
0 1000 2000 3000 4000 5000 6000 7000

S, £t

Figure 19.~ The variation of time with distance for a fighter
overtaking a bomber.
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